discovered a radio signal broadcasting pulses arranged as a sequence of prime numbers from 2 to 101. Further analysis of the signal beamed down from Vega some 26 light years away uncovered a fi lm clip from the opening of the 1936 Olympics -the fi rst human television transmission strong enough to reach Vega. In a third layer of the signal, researchers discovered a blueprint for a machine much more advanced than our technology, which might enable humans to meet Vegans.
All this should have happened well within the 20 th century, if Carl Sagan's 1985 novel Contact and its 1997 fi lm adaptation starring Jodie Foster as Ellie Arroway were to be believed. In the fi lm, Bill Clinton is still US president when the message is discovered, and the astronomically expensive machine project serves as a fl agship millennium project.
Back here in the real world we aren't quite living up to the visions conjured up by Carl Sagan . In response to intense political pressure against using taxpayers' money to look for "little green men", NASA has repeatedly closed down SETI (Search for Extra-Terrestrial Intelligence) operations that Sagan had championed. The privately funded SETI institute ran into funding diffi culties and the Allen Array fell behind the construction plans and had to be mothballed for several months in 2011. While the distributed computing effort SETI@home has pioneered the use of idle computers for data analysis, only modest amounts of observation time were made available for SETI in recent years. All this may now be about to change and Sagan's spirit may yet be revived.
Breakthrough listen
In July 2015, on the 46th anniversary of the fi rst Moon landing, a stellar list of scientists led by astrophysicist Stephen Hawking announced a new SETI project due to start operating in early 2016. 'Breakthrough Listen' is funded by the Russian internet entrepreneur and billionaire, Yuri Milner -the real-life equivalent to S.R. Hadden in Sagan's fi ction.
The project targets the one million stars closest to Earth, as well as the centre and the plane of the Milky Way. Beyond our own galaxy, it also listens out for possible messages from the one hundred closest galactic neighbours.
The project aims to surpass all previous SETI efforts in its scale and ambition. It will not only cover a larger part of the sky, but it will also scan a much wider part of the radio spectrum, covering the entire 'quiet spot' between 1 GHz and 10 GHz, which is regarded as a promising area for interstellar communication, as it is free from interfering emissions from natural sources. And all this, the initiative promises, will be done 100 times faster than in previous efforts.
For the radio search, the project is due to buy vast amounts of instrument time on two of the world's largest radio telescopes, namely the 100-metre-diameter Robert C. Byrd Green Bank telescope, part of the National Radio Astronomy Observatory at Green Bank, Virginia, USA, and the 65-metre Parkes telescope near Parkes, New South Wales, Australia.
In addition, the programme will also conduct a search for optical signals with the automated planet fi nder at the Lick Observatory near San Jose, California, which could detect
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Listen out for life
Thirty years after Carl Sagan popularised the search for extraterrestrial intelligence and anticipated its success in a novel, a large-scale project similar to the one he envisioned is about to take off. Meanwhile, the booming discovery and analysis of extrasolar planets gives us fi rst glimpses of the alien worlds where those extraterrestrials might live. Michael Gross reports. On the launch of the project, Stephen Hawking said that "there must be other occurrences of life. Somewhere in the cosmos, perhaps, intelligent life may be watching these lights of ours, aware of what they mean. Or do our lights wander a lifeless cosmos. Unseen beacons, announcing that here, on one rock, the Universe discovered its existence. Either way, there is no bigger question. It's time to commit to finding the answer -to search for life beyond Earth. The Breakthrough Initiatives are making that commitment."
New worlds
When Sagan's book appeared, the existence of planets beyond the Solar System was just a reasonable hypothesis. All claims to extrasolar planet discovery had ultimately failed, and the question of how common or rare planetary systems are in the Universe remained one of the many uncertainties in Sagan's quest to fi nd extraterrestrial life.
Twenty years ago, in November 1995, a report by Didier Queloz and Michel Mayor opened a new era (Nature (1995) 378, [355] [356] [357] [358] [359] . The observation of gravity-induced wobbles in the star 51 Pegasi by measurement of Doppler shifts in the starlight not only withstood scrutiny, but also started a gold rush of discovery. In the 20 years since, the Extrasolar Planets Encyclopaedia (http://exoplanet.eu/ ) has swollen to more than 2,000 confi rmed planets.
Due to the observational constraints of the Doppler method, the early entries were mostly Jupiter-sized gas giants in implausibly narrow orbits. However, method development and dedicated space telescopes observing transits (i.e. planets passing through our line of sight to their stars) have added planets of the type that astrobiologists are interested in, namely rocky planets similar to ours, orbiting in the 'habitable zone' where water could occur in its liquid state.
The planet-hunting space telescope Kepler has alone discovered more than half of the 2,000 exoplanets known, and many of these are of special interest, even if not downright habitable. Highlights from the fi rst few years of Kepler data analysis include the fi rst rocky planet, Kepler10b, which may have an Earth-like composition, a sunlike star (Kepler11) with six transiting planets in the size range between Earth and Neptune, and several planetary systems orbiting binary star systems, the fi rst of which was Kepler16. Kepler62f was the fi rst to combine the ideal properties of a habitable planet, with the right size, density and distance from its star to support liquid water at its surface.
The emerging population statistics of planetary systems -which was the main objective of the Kepler mission -have proven that planets, including rocky ones, are very common in our part of the Milky Way. Extrapolating to the 250 billion stars in our galaxy, it now appears likely that they have many billions of planets. It has also shown that the distribution of planets in the Solar System, plausibly described by the progressive condensation of more and more volatile materials as temperatures drop further away from the Sun, may not be typical, and additional explanations may become necessary.
Recently, Stephanie Sallum from the University of Arizona, USA, and colleagues discovered the fi rst example of planets within a protoplanetary an ordinary 100-Watt laser across interstellar distances.
For data analysis, Breakthrough Listen has agreed a partnership with SETI@home. All software developed for the programme will be open source, and all data made freely available.
Breakthrough Listen is funded with 100 million US dollars for the next ten years, split into three roughly equal parts for instrument time, for equipment and method development, and for academic staff and graduate students.
Milner's 'Breakthrough' project also includes a second part, 'Breakthrough Message', aiming to work out whether and how humanity should send out messages to other civilisations. Considering that the fi rst interstellar broadcast from our planet showed Hitler opening the Olympics, we may have some image adjustments to make.
This part takes the shape of prizes worth one million dollars in total to be awarded for the design of the best message to be sent out. Details of the competition are yet to be announced.
The scientists supporting the Breakthrough programmes include Frank Drake, former director of the SETI institute, who laid the mathematical foundation of the fi eld disk that is still in the process of planet formation (Nature (2015) 527, 342-344). This, together with the evergrowing population data on extrasolar planetary systems, will help to improve our understanding of how planets are born and how likely they are to develop into an environment conducive to the origin and evolution of life.
Another promising lead is the recent discovery of a planet that, while not habitable, is perfectly positioned for studies of its atmosphere. As Zachory Berta-Thompson from MIT and colleagues report, the planet GJ1132b, only 16% larger than ours in diameter, orbits an M-dwarf star just 12 parsecs (39 light years) away (Nature (2015) 527, 204-207). While it is too close to its star to be habitable, it stays cold enough to retain a substantial atmosphere, which astronomers will be able to analyse spectroscopically every 1.6 days, each time the planet passes in front of its star.
M-dwarf stars represent the most common type of stars in the Milky Way and recent results suggest that they tend to host one or more Earth-like planets. Therefore, our closest Earthlike neighbour is likely to be orbiting such a star, making the investigation of the GJ1132 system all the more important. Similar atmospheric studies on more habitable exoplanets could one day even detect chemical imbalances that might indicate the presence of life.
Life in the Universe
Boosted by the spectacular success of the Kepler mission, research agencies have lined up a whole series of additional devices to discover and study extrasolar planets.
Gemini Planet Imager is a nearinfrared instrument installed at the Gemini South Observatory at Cerro Pachón, Chile. It can detect thermal emissions from Jupiter-like planets, regardless of their orbit length. Being able to discover gas giants in Jupiter-like orbits, this method fills a gap left by the Doppler and transit observations which both rely on shorter orbits. The first exoplanet discovered by this programme, 51 Eridani b, was reported in August (Science (2015) 350, 64-67) . In December, researchers using this device reported the discovery of a planet that has virtually been ejected from its system, orbiting 16 times further from its star than Pluto is from the Sun (Astrophys. J. (2015), in press).
The Transiting Exoplanet Survey Satellite (TESS), led by George Ricker at MIT and developed by NASA's Goddard Space Flight Center, is due to launch in August 2017. Its two-year mission aims to discover a range of exoplanets, including Earthsized ones as well as gas giants, by monitoring 200,000 bright stars for indications of planetary transits, covering the entire sky (http://tess. gsfc.nasa.gov/). The broader sweep compensates for the lower sensitivity compared with Kepler. The planets thus discovered may be statistically less representative than Kepler's, but they will be more readily accessible to follow-up studies using groundbased telescopes.
The James Webb Space Telescope, a large infrared telescope with a primary mirror of 6.5 metres diameter, is a collaborative project of NASA with the Canadian and European space agencies, due to launch in October 2018. Among a wide range of other astronomical investigations, it will use infrared spectroscopy to study the atmospheres of known extrasolar planets (http://www.jwst. nasa.gov/).
And fi nally, the European Space Agency's PLATO (Planetary Transits and Oscillations of stars) mission will scan a million stars for indications of habitable planets (http://sci.esa. int/plato/). PLATO will be nearly as sensitive as Kepler and apply that ability to a wider fi eld of view. It was offi cially selected in February 2014 for a launch by 2024.
In Sagan's lifetime, these explorations would have run under the banner of exobiology, the science of extraterrestrial life. Since then, however, scientists have reframed the issue to create the wider discipline of astrobiology, addressing the question of how and where life can arise and prosper. Thus, the fi ndings from outer space will be discussed in context with investigations within the Solar System (Curr. Biol. (2014) 24, R175-R178) and on Earth (Curr. Biol. (2015) 25, R847-R850).
In spite of all the progress that astrobiology has made since Sagan's premature death in 1996, contact with extraterrestrials did not happen quite as early as he had anticipated. However, as our knowledge of our cosmic neighbourhood gradually improves and more and more habitable worlds emerge, the chances of fi nding somebody are also improving, not least because real-life successors of Ellie Arroway will know where to point their devices to look for life in the Universe.
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